Stevia, a native species of South America, is commercially important as a source of the non-caloric diterpene glycosides stevioside and rebaudioside-A. Although it has been cultivated in southern Brazil, the production is not enough to meet the domestic market demand. This study evaluated biomass accumulation, morphological and physiological characters, and steviol glycosides yield of seven stevia accessions after two cuts. A great variation for the different plant characteristics was found between the first and second cuts. There was a positive correlation between biomass production and SGs content and productivity. The overall Principal Components Analysis results in both cuts indicate that the accessions CE7 and CE14 presented great Reb-A yield, height and lodging (%). The accessions CE4 and CE12 produced high Ste yield and accessions CE6, CE8 and CE9 the highest leaf:stem ratio and low SGs. The stevia accessions showed characteristics of the interest for crop improvement for both biomass and SGs production.
Introduction
The Stevia genus has about 230 species and Stevia rebaudiana, is a herbaceous plant popularly known as stevia with economic importance due the production of steviol diterpene glycosides (SGs) in the leaves, mainly stevioside (Ste) and rebaudioside-A (Reb-A) (Kinghorn, 2002; Mondança et al., 2012; Rieck, 2012) . The World demand for stevia has increased in the last years (Industry ARC, 2014) . Although the production and consumption of stevia are mostly concentrated in China and Japan, stevia cultivation is expected to increase in many other countries because of its recent approval for consumption by United States and Europe (Rieck, 2012; Saad et al., 2014) . In Brazil, stevia cultivation is recommended for different regions, especially for Mato Grosso do Sul and Parana states (Lima Filho et al., 2004) . Studies for selection and improvement of adapted genotypes are considered important for stevia cultivation in the country.
The main stevia yield components are leaf dry weight, Ste and Reb-A content and Reb-A:Ste ratio (Ramesh et al., 2006) . The Reb-A:Ste ratio is the accepted measure of sweetness quality. If Reb-A is present in equal amount than Ste, the aftertaste is eliminated (Yadav et al., 2011) . Consequently, stevia breeding programs have focused on Reb-A content and Reb-A:Ste ratio. In commercial crops of southern Brazil, Reb-A content varied from 0.46 to 12.23% and Reb-A:Ste ratio varied from 0.03 to 1.59 (Anami et al., 2010) . These variations are due the fact that the highest percentage of diterpene glycosides are found in the leaves and it is highly correlated with plant genotype (Giraldo et al., 2005) .
Therefore, stevia breeding programs to obtain new cultivars with desirable and stable chemical profiles may improve the quality of raw materials for the industry. The genetic variability of spontaneous populations can be identified and used in breeding programs to increase the production and quality of the steviol glycosides. Therefore, the purpose of the present research was to: (i) evaluate biomass accumulation, morphological characters, physiological indices, and (ii) steviol glycosides yield of seven stevia accessions to assess its breeding potential.
Method

Experimental Area
The experiment was carried out under field conditions in Parana state, southern Brazil (25°38′58″S, 49°12′59″W, altitude 960 m). The climate is characterized as humid subtropical with cool summers, frequent frost during the winter and absence of a dry season. The environmental conditions (maximum and minimum temperature, relative humidity, sun radiation, sunshine hours, and rainfall) during the experiments are shown in Table 1 . ; base saturation 63% with 400 g kg -1 of clay. Soil correction was performed according to the ROLAS (2004) recommendations.
Plant Material and Harvesting
The seven stevia accessions (CE4, CE6, CE7, CE8, CE9, CE12 and CE14) were obtained from Embrapa (Brazilian Agricultural Research Corporation, Center of Genetic Resources, Brazil). The plant material was micropropagated using MS medium (Murashige & Skoog, 1962) modified with 20 g L -1 sucrose and 6 g L -1 agar. Growth conditions were 16-hour photoperiod with photon flux density of 20 µmol m -2 s -1 and temperature of 25±2 °C. The plantlets were transferred and maintained under greenhouse conditions for 14 days with intermittent mist irrigation for 5 seconds each 30 minutes, followed by 20 additional days with irrigation as needed. At the end of this period, plants were selected for field evaluation. Before being transferred to the field, plants were pruned to 20 cm in height, remaining with three pairs of leaves. The plot size was 1.5 × 2.5 m with 0.6 m border between plots containing 25 plants with spacing of 0.5 × 0.25 m. The nine plants in the center were used for evaluation.
Plants were first harvested 5 cm above the base of the stem after 114 days from transplanting date (first cut) and 84 days after the first harvest (second cut), at which time 5% of the plants presented flowers, according to Lima Filho et al. (2004) .
Morphological Characters and Biomass Accumulation
Leaves were separated from the stems and dried at 65 °C for 48 hours in a hot dry oven for leaf dry weight, stem dry weight and total dry mass determinnation.
Plant height was determined by the distance to the highest point of the plant. The percentage of lodging was assessed by counting the plant branches positioned horizontally during the experiment period (Lima Filho et al., 2004) .
The number of secondary branches (NSB) and tertiary branches (NTB) (shoots per plant) was determined from three plants randomly selected from each plot.
Physiological Indices
From the biometric measurements, the physiological indices were calculated (Equations 1, 2 and 3), which reflect the morphological and physiological conditions of the plant during its ontogenetic cycle, describe by Radford (1967) .
Fifty discs of 0.785 cm 2 leaves of each experimental plot were weighed to measure the leaf area index (LAI) calculated proportionally to the total leaves mass of the plot.
The leaf area ratio (LAR) expressed the foliar area useful for photosynthesis and was defined as the quotient between a foliar area (FA) and total dry weight (TDW).
Specific leaf area (SLA) is the relation between leaf area (FA) and leaf dry weight (LDW).
Leaf weight ratio (LWR) represents the relation between the mass of leaf dry weight (LDW) and total dry weight (TDW).
Extraction and Analysis of Steviol Glycosides (SGs)
The extraction and analysis of SGs was performed in the Laboratory of Pharmaceutical Technology of the University of Southern Santa Catarina (UNISUL) by HPLC according to methodology developed by Kolb et al. (2001) . Leaf samples (1 g) were dried in a hot air oven at 65±2 °C until constant weight was achieved and ground. Steviol glycoside were extracted with 70% ethanol at 70 °C for 30 minutes on a shaker and then filtered. The obtained extract was dissolved in 5 ml HPLC-grade Acetonitrile-water (8:2) mobile phase. Aliquots (20 uL) of extract were loaded onto a HPLC Shimadzu ® (SPD-10A), column NH 2 (250 × 4.6 mm), operated at the following conditions: isocratic Elution. 80:20 (v/v) acetonitrile/water (pH 5.0), flow rate 2 mL m -1 ; wavelength of UV detector, 210nm, sensitivity adjusted to 0.04 AUFS. The compounds in each sample were identified and quantified by comparing their retention times with those of standards. The calibration curve was obtained with standards of Ste (98% purity) and Reb-A (96% purity) obtained from Sigma Aldrich.
Statistical Analysis
Data were analyzed in a completely randomized design with a factorial scheme 7 × 2 comparing seven stevia accessions and two cuts, with five replications using the Statistica 7 software (Stat Soft Inc., Tulca, OK, USA). Least significant differences between means were calculated by Scott-Knott test (P ≤ 0.05).
The Principal Components Analysis (PCA) was performed on the mean values of the morphological and physiological characters and SGs variation within the accessions. A biplot analysis and its graphical output were then used to associate the stevia accessions and the observed quantitative traits. The correlation matrix was also established for the morphology characters, biomass accumulation, physiology indices and productivity of SGs.
Results and Discussion
Morphological Characters and Biomass Accumulation
The dry leaf yield of all stevia accessions was higher in the first cut (2.8 to 4.0 t ha -1 ) compared to the second cut (0.7 to 1.3 t ha -1 ). The pruning performed due to the first cut associated with the photoperiod (mean 11.4 hours) was probably related to the lower vegetative development in the second cut and consequently to the lower dry leaf yield. However, there was a significant variation in dry leaf yield among the accessions. The CE4 had the highest productivity of dry leaf yield in first cut (4.3 t ha -1 ) and second cut (1.3 kg ha ) when compared to other accessions (Table 2) . It was also observed low stem yield in the second cut (0.5 to 1.4 t ha ). In the first cut, CE4 presented the highest stem yield and in the second cut, both CE4 and CE14 were superior (Table 2) .
During the experiment, the precipitation was lower than 200 mm in the two plant growth periods, and this fact may have influenced the results obtained. The precipitation is also a limiting factor for stevia and according to Lavini et al. (2008) precipitation below 200 mm impairs productivity, directly affecting the production of stevia biomass. In spite of this, dry leaf yield of accessions 4, 9 and 12 were higher than those found by Andolfi et al. (2006) , Fronza and Folegatti (2003) , González et al. (2007) , Lima Filho et al. (2004) , Megeji et al. (2005) , Pal et al. (2013 Pal et al. ( , 2015 , and Serfaty et al. (2013) . For the first year of cultivation whose values ranged between 1.6 and 4.4 t ha -1 . In addition, agronomic conditions also influence the productivity of stevia biomass yield; Tadesse et al. jas.ccsenet.org Journal of Agricultural Science Vol. 10, No. 3; 2018 (2016) obtained the maximum dry leaf yield (7.8 t ha -1 ) in spacing higher densities of plants. These suggest that in addition to the climatic conditions, the agronomic conditions should also be adjusted for each genotype.
No differences were found for leaf:stem ratio in the first cut and for most accessions, the second cut provided the largest leaf:stem ratio. The CE6, CE8 and CE9 accessions showed the highest leaf:stem ratio in the second cut (on average 1.34). For the other accessions the leaf:stem ratio ranged from 0.51 to 1.08 (Table 2 ). In stevia breeding programs high leaf:stem ratios are desirable for cultivated plants because of the low Ste concentrations (< 5 mg g -1 ) in stem tissues (Brandle and Rosa, 1992; Singh and Rao, 2005) .
The number of secondary branches (NSB) per plant varied from 20 (CE7) to 71 (CE9) in the first cut and from 14 (CE14) to 50 (CE4) in the second cut. CE9 and CE4 accessions in the first (71 branches per plant) and second cut (50 branches per plant), respectively. The number of tertiary branches (NTB) in first cut was significantly higher compared to the second cut. CE14 and CE9 produced more tertiary branches in the first cut CE8 and CE9 in the second. CE9 was the only stevia acess with the highest NTB in the first and second cuts ( Table 2 ).
The higher plant development and SGs content and yield observed for all accessions in the first cut compared to the second were probably related with the environmental conditions (precipitation, solar radiation and photoperiod) in the field experiment. In addition, the cutting of stevia plants during short-day periods induces flowering as soon as the plant reaches the appropriate physiological age, even with lower plant growth (Lima Filho et al., 2004) . Stevia is a short-day plant with a critical photoperiod between 12 to 13 hours day length and at this conditions the glycosides accumulation increase (Madan et al., 2010; Midmore & Rank, 2002; Valio & Rocha, 1977) . During the second plant growth period, photoperiod was below 12 hours, which may have reduced the plant growth and SGs content and yield as mentioned by Ceunen and Geuns (2013) where increase in leaf biomass and the content of SGs are usually found in long day conditions. The CE7 and CE14 accessions showed the highest plant heights in the first cut and also the highest percentage of lodging, being 93% and 96% for CE7 and CE14 respectively. CE9 was the only access that did not present lodging in the first cut. The plant height was also significantly lower (0.31 to 0.48 m) in the second cut for all accessions and consequently the lodging percentage was reduced (Table 2) . Note. Means followed by same capital letter in the column and small letter in the row are not statistically different according to Scott-Knott test (P < 0.05). 1 st = first. 2 nd = second. CV = coefficient of variation.
Physiological Indices
LAI was higher in the first cut in all accessions, which shows the greater plant growth compared with the second cut. CE9 presented higher LAI in the first cut (7.0), but in the second cut it was the lowest (1.1). However, accessions CE7, CE8 and CE14 presented lower LAI in the first and second cuts. reduced leaf area in the second cut, since larger leaf area results in greater leaf shading and consequently lower radiation incidence. In the first cut SLA ranged from 17.4 m 2 kg -1 (access CE9) and 10.8 m 2 kg -1 (access CE7).
LAR increased in the second cut. The accessions CE6, CE8, CE9 and CE12 were the ones with the highest LAR (10.1, 9.7, 9.4 and 9.8 m 2 kg -1 , respectively) in the second cut. The CE14 access presented lower LAR values in the first and second cuts (4.1 and 5.2 m 2 kg -1 , respectively).
For most accessions, the LWR was high in the second cut. The CE14 access showed the lowest LWR (0.34) and with no statistical difference in the first cut (0.33). The accessions CE6 (0.60), CE8 (0.58) and CE9 (0.57) presented the highest LWR in the second cut. Note. Means followed by same capital letter in the column and small letter in the row are not statistically different according to Scott-Knott test (P < 0.05). 1 st = first. 2 nd = second. LAI = leaf area index. SLA = specific area. LAR = leaf area ratio. LWR = leaf weight ratio. CV = coefficient of variation.
Steviol Glycosides
The content of Ste and Reb-A was significantly higher in the first cut for all accessions, ranging from 11.0% to 16.6%. In the second cut, the percentage of Ste varied from 6.8% to 12.9%. CE4 access presented the highest percentage of Ste in the first (16.6%) and in the second (12.9%) cut, but with no difference to CE7 (12.4%) and CE12 (11.8%) in the second cut (Table 4 ).
The productivity of Ste was higher for all accessions in the first cut (355 kg ha -1 to 700 kg ha ). CE4 presented the highest productivity of Ste in both cuts (Table 4) .
Reb-A (%) various from 14% (CE7) to 2.4 % (CE14) in the first cut, and from 9.1% (CE7) to 1.8% (CE12) in the second cut. Low Reb-A contents were observed in the CE12 and CE4 accessions, and the highest was observed in the CE14 and CE7 accessions in first and second cuts. In the first cut, it were observed Reb-A:Ste ratio greater than 1.0 in CE7 and CE14 accessions (1.01 and 1.08, respectively). The Reb-A:Ste ratio for CE4, CE6, CE9 and CE12 accessions was not statistically different (Table 4 ).
The cultivation cycle and stevia harvesting regime affects leaf biomass production and SGs (Pal et al., 2015) . In the climatic conditions of southern Brazil, where the experiment was carried out, there was a need to advance the second harvest due to the accumulations of SGs from its peak at the beginning of flowering, which is the ideal time to harvest the leaves in terms of quality (Bondarev et al., 2003) . This fact benefits the production of stevia by generating a surplus. Note. Means followed by same capital letter in the column and small letter in the row are not statistically different according to Scott-Knott test (P < 0.05). 1 st = first. 2 nd = second. CV = coefficient of variation.
Correlation Matrix and Principal Component Analysis (PCA)
A correlation matrix of 16 quantitative traits was analyzed using Pearson correlation coefficient (Table 5) . Dry leaf (t ha -1
) and dry stem yields (t ha -1
) were positively correlated with LAI (0.96) ( Table 5 ). Ste (kg ha -1 ) and Reb-A yield (kg ha ). On the other hand, negative correlation was found between leaf:stem ratio and height, dry leaf yield, dry stem yield and SGs. In this study, the higher biomass production in the first cut compared to the second one was positively correlated with SGs content and productivity in all stevia accessions. The accessions CE4 and CE12 were the ones with the highest leaf dry mass and Ste yield as observed by Ceunen and Geuns (2013) and Pal et al. (2015) . On the other hand, CE7 and CE14 showed a high positive correlation between height and productivity of Reb-A. In this case, lodging which is an undesired characteristic (Wu & Ma, 2016) was also positively correlated with height. Both accessions produced in the first cut a total of 457 kg ha -1 and 427 kg ha -1 of Reb-A, respectively, which was superior of what was found by Parris et al. ( 2016) are larger than the average Reb-A (300 kg ha -1 ) found in different stevia cultivars grown in regions of Western United States. In the region of the Rio Grande do Sul State, in Southern Brazil the maximum Reb-A was 175.7 kg ha -1 (Pereira et al., 2016) .
Plant height was the morphological character that presented a high positive correlation with the SG yield, which also had a positive and significant correlation (P < 0.05) with dry leaf yield. The number of branches had no significant correlation with SGs content and productivity.
SGs were negatively correlated with physiology indices as LAR, SLA and LWR and positively correlated with LAI (Table 5 ). The maximum leaf production was a result of high LAI, which enhanced light interception capacity. The LWR represents the fraction of mass not exported to other parts of the plant, which may be related to the low production of SGs in the second cut maybe due the reduced redirection of photoassimilates.
There was also a positive correlation (0.82) between Reb-A content and productivity (Table 5) , which suggests that the selection of stevia genetic material with high productivity will provide great content of Reb-A. ); number of secondary branches -NSB; number of tertiary branches -NTB; leaf area index -LAI; specific leaf area -SLA; leaf area ratio -LAR; leaf weight ratio -LWR. **P ≤ 0.01 represent significant values; * P ≤ 0.05; ns not significant.
Principal component analysis (PCA) was carried out using morphology and physiology parameters and SGs in the first and second cuts (Figures 1 and 2 ).
The first principal component of the first cut accounted for 57.39% of the total variation and Reb-A (%) contributed more to the variation (0.30), followed by lodging (%) (0.29), Reb-A (kg ha For the first cut, according to their dispersion on the PCA diagram, the accessions were distinctly separated ( Figure 1B ). CE7 and CE14 were closely related ad it presented higher lodging (%), Reb-A (%), Reb-A (kg ha -1 ) and height (m). CE4 was separated from the other accessions mainly because of the higher Ste content and productivity. The accessions CE6 and CE8 were distinguished from the CE4 access by the lower percentage of Ste and lower productivity of Ste. CE4 presented a high dry leaf yield and it had a high positive correlation with the productivity of Ste (Table 5) ) and dry leaf yield (t ha -1 ) (Figures 2A and 2B ). The overall PCA analysis in both cuts indicates that the accessions CE7 and CE14 are characterized by increased Reb-A yield, height and lodging (%). CE4 and CE12 presented high Ste and dry leaf yield and the accessions CE6, CE8 and CE9 the highest leaf:stem ratio and low SGs.
The accessions CE7 and CE14 that presented high Reb-A:Ste ratio which are most desired by industry as Reb-A has the best profile relative to all others glycosides and is more soluble in water (Ahmed & Dobberstein, 1982; Crammer & Ikan, 1986; Huang et al., 1995) . So, the main objective of the stevia breeding programs is to develop new varieties with high levels of Reb-A (Dacome et al., 2005; Sekaran et al., 2007) . In southern Brazil, previously work demonstrated that Reb-A:Ste ratio obtained for cultivar UEM-320 ranged between 1.05 and 1.15 (Dacome et al., 2005) , this together with the results found in the present study suggest that it is possible to grow stevia and obtain quality raw material for the industry in the southern region on the country.
Conclusions
The evaluated stevia accessions have characteristics of the interest for crop improvement, both in terms of biomass and SGs production under recommended climatic conditions for the cultivation. Accessions CE7 and CE14 presented the best results for the production of Reb-A, the main characteristic of interest in stevia breeding programs. Vol. 10, No. 3; 2018 
